Objectives To assess the level of functional health literacy (HL) and its antecedents and consequences in an adult population-based sample, using the Italian version of Newest Vital Sign (NVS-IT)
INTRODUCTION
Health literacy (HL) can be defined as "the capacities of people to meet complex demands of health in a modern society and it concerns the ability of citizens to make sound decisions concerning health in daily life-at home, at work, in health care, [..]". [1] Several studies have shown that limited HL among adults is a major public health problem. Limited HL has been shown to be associated with several health-related consequences such as adverse health behaviors and outcomes, increased mortality risk, poor management of chronic diseases, lower use of preventive services and higher health care costs. [2] [3] [4] As far as predictors of HL (i.e. antecedents) are concerned, several proximal (i.e. personal and situational) and distal (i.e. societal and environmental) factors have been proposed. [2] [3] [4] Functional HL is one dimension of the concept of HL that entails the ability to interpret, calculate and act on oral and written information in health care settings. Several tools have been proposed for assessing functional HL, [5, 6] however most of them take several minutes to administer. This is an issue that poses barriers in their use outside of academic contexts, especially for time-demanding clinical settings or for interventions in the general population. In 2005, the Newest Vital Sign (NVS) was proposed as a brief and easy to administer screening tool for measuring HL. [7] The NVS is a six-items screening tool that requires the participants to interpret the information presented on a nutrition label; it assesses reading, numeracy and comprehension skills. The NVS shows high sensitivity in detecting limited literacy. [8] The NVS was originally developed and is still mainly used in the clinical setting. [7, [9] [10] [11] Until today, there have been only limited studies on HL assessed with the NVS and its antecedents and consequences carried out in the general population. Furthermore, since most studies have been conducted in clinical settings, [7, [9] [10] [11] the assessed individuals have specific demographic and characteristics that pertain to the environment of the studies. Moreover, the included samples typically tend to over-represent socially disadvantaged groups. [12] In 2011, the HLS-EU survey was the first study assessing HL at the general population level in several European countries. [3] The HL measure used in this study was specifically designed for the study (i.e. HLS-EU-Q47), however translated versions of the NVS were also included in the study. The study reported that around 12% of the sample was very likely to have limited literacy. Age and education resulted to significantly predict NVS scores in all the countries included in the study. However, several causal inferences for HL measured with the NVS were not examined as the NVS tool was mainly used for comparing and validating the newly developed HL measure. Furthermore, in this study the Italian population was not included. A study recently conducted in Portugal found that people with limited HL were significantly older and less educated. [13] Whereas a study conducted in Australian population reported also male gender, foreign nationality and socioeconomic status as predictors of inadequate HL, and, for what concern HL consequences, the study found that low HL levels were associated with a higher risk of chronic diseases and a lower access to primary care services. [14] As far as the Italian population is concerned, the Italian version of the NVS (NVS-IT) has been recently validated and a few studies have been conducted using this tool. [15] However, these studies were either conducted in small convenience samples or in specific clinical contexts. [16, 17] Due to still limited evidence in the literature, there is no general consensus on antecedents and consequences of HL when measured with the NVS in the general population. Furthermore, as HL and its antecedents and consequences may vary from one country to another, results are not generalizable. In order to deepen knowledge on HL in the general population and to provide reliable and specific F o r p e e r r e v i e w o n l y information on the Italian population, a research project that aimed at assessing HL levels in a populationbased sample, and to validate different HL measures in Italian language was carried out. This study is the first output of this research project, of which a full protocol has been published and detailed elsewhere. [18] Specifically, the aim of the present study was to evaluate the levels and the associations of HL in an adult general population using the Italian version of the Newest Vital Sign (NVS-IT).
METHODS
For more detailed information regarding the methods, the reader is referred to the study protocol published elsewhere. [18] The study was approved by the Ethics Committee of the "Area Vasta Centro " (Local Health Unit of Central Tuscany, Careggi University hospital and Meyer University Children's Hospital; Ref. CEAVC:10113, 01 December 2016) and was conducted according to the principles described in the Declaration of Helsinki.
Study population and sampling criteria
The study at hand is a cross-sectional study that was carried out in a population-based sample. Participants were randomly selected from the registries of eleven general practitioners (GPs) working in primary healthcare centers of the municipality of Florence-a sampling method that has been also suggested by other authors. [19] The GPs were recruited using convenience criteria. Both the president of the Provincial Medical Council and the representative of the GPs at the University Hospital of Florence informed their colleagues to join the study either via email, phone or in person. The first eleven, who voluntarily joined the study, were included. Each GP was asked to randomly select 80 subjects among those registered as patients with them. Inclusion criteria were the following: 18-69 years of age and Italian speaking (since the survey was conducted in Italian only). Exclusion criteria included cognitive impairment, severe psychiatric diseases and end-stage diseases.
Procedures: data collection and measurements
Data were collected between February 2017 and December 2017. Each selected subject was contacted via postal mail. Subjects received an information sheet signed by both the GP and the person in charge of the study. The letter also included a short description of the study, an invitation to participate and a consent form. Participants were asked to sign the consent form and return it via mail to the researchers in charge. The mail also contained the nutritional label of the Newest Vital Sign-Italian (NVS-IT). After receipt of the signed consent forms, the subjects were contacted over phone for the computer-assisted interview. Nine interviewers conducted the phone interviews. A shared written protocol on how to conduct the interview was followed in order to standardize the interviews and to limit interviewer bias. Each subject was randomly assigned to one of the nine interviewers and contacted a maximum of six times before being considered unreachable. The interviews took about 20-25 minutes.
The following "antecedents" variables were collected: gender, birth year, nationality, number of years living in Italy (for those who were born abroad), educational level, marital status, number of family members living in the same household. Furthermore, the questionnaire also explored whether one has ever received training or is/has been employed in the field of healthcare, employment status (currently having a paid job), financial situation, and whether a family member or a friend normally accompanies him/her to medical appointments. As for health outcomes, the following variables were investigated: self-reported health status (excellent, very good, good, so-so/fair, bad), referred weight and height to calculate the body mass index (BMI), health services used in the last 12 months (number of doctor visits, hospital admissions, emergency department visits). Responses were coded as follows: 0, 1-2 times, 3-5 times, 6 times or more, don't know, refusal). The use of other healthcare services in the 12 last months were also investigated (overall number of dentist, physiotherapist, psychologist, dieticians and optician visits). To measure health status, subjects were also asked about long-term illnesses (illnesses that have lasted or are expected to last for at least 6 months), coded in five categories: yes, more than one; yes, one; no; don't know, refusal.
The NVS-IT consists of an ice cream nutrition label, with seven associated questions that measure literacy and numeracy. It produces a final score ranging from 0 to 6, allowing subjects to be classified into three categories-high likelihood of limited HL (score: 0-1), possibility of limited HL (score: 2-3) and adequate HL (score: 4-6). To the best or our knowledge, no published studies have reported NVS data collected through telephone interviews. Due to that, the concordance between face-to-face and phone-administered NVS-IT interviews was pre-tested in a convenience sample of 35 participants of different age, gender and educational level. For testing the concordance between face-to-face and phone-administered NVS-IT two study arms were defined. In both arms, the participants received both the telephone and the face-to-face interview with a washout period of 10 days between them. The two arms differed only in the sequence in which the participants received the telephone or the face-to-face interview first. Each participant was randomly assigned to one of the two arms.
Statystical analysis
Collected variables were tested for normality using Kolmogorov-Smirnov test.
In the pre-testing phase, NVS-IT scores obtained using the telephonic and face-to-face interviews were compared. Specifically, between the two arms, NVS-IT score distributions were compared both at T0 and at T1 using unpaired Student's t-test or Mann-Whitney U test; within the two arms, NVS-IT score distributions at T0 were compared with respect to those obtained at T1 using paired Student's t-test or Wilcoxon paired test for matched data.
The internal consistency of NVS-IT was assessed through the Cronbach's alpha coefficient.
For all the analyses, subjects with high likelihood of limited HL and those with possibility of limited HL were grouped together in a single group, referred to "Inadequate and at-risk HL" and compared with the adequate HL group. [14] A descriptive univariate analysis using χ 2 test for categorical and ordinal data and unpaired Student's t-test, ANOVA or the corresponding non-parametric tests for continuous data were performed in order to evaluate significant associations between NVS-IT categories and all the variables considered. To analyze the predictors of HL, antecedents significantly correlated with NVS-IT categories at the univariate analysis were entered into a multivariate logistic regression model considering the NVS-IT categories ("Inadequate and at-risk HL"" vs "adequate HL") as the dependent variable. NVS-IT as a predictor of health related outcomes (self-reported health status, BMI categories, health services used in the last 12 months) was tested in several multivariate logistic regression models. Specifically, health related outcomes significantly associated with NVS-IT categories at the univariate analysis were entered into different multivariate logistic regression models as dependent variables (one for each), dichotomizing the categories as follow: "excellent or good" vs "average or poor" for self-reported health status; "underweight or normal" vs "overweight or obese" for BMI categories; "never" vs "one or more times" for health services used in the 
Patient and public involvement
The study population was not directly involved in the design, recruitment and conduct of this study. However, the Florence Health Literacy Research Group involved representatives from Provincial Medical Council, Local Health Unit and University Hospital of Florence. All of these representatives were involved in the study design and questionnaire development and will disseminate the results from this work. p=0.065 and p=0.160, respectively). At T1, the NVS-IT scores were not significantly different between the two groups as well (Mann-Whitney U test: p=0.335).
RESULTS

Pre-testing phase: face-to-face versus phone-administered interviews
Sample characteristics
A total of 984 individuals were invited to participate in the study, of which 454 (46.1%) were interviewed. As far as non-participation reasons are concerned, 151 (15.3% of the total sample) subjects refused to participate for lack of time or interest in the study and 376 (38.2% of the total sample) subjects resulted to be unreachable either because the number was not answering or in service anymore. Non-participants resulted to be on average two year younger than participants (51.2 ±11.8 years and 53.3±11.7 years, respectively ). No significant gender differences emerged between participants and non-participants. Two interviews resulted to have several data missing and were excluded from the study; a total sample of 452 subjects were considered for the analyses.
The participants' characteristics are presented in Table 1 . The mean age of the sample is 53.2±11.7 years and males represent 41.2% of the sample. Graduated participants represent the 41.2% of the sample and 17.3% of the participants easily get at the end of the month with their income. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Health literacy distribution and its associations with antecedents and consequences
The Cronbach alpha coefficient for the NVS-IT in this study was 0.741. The NVS-IT score was J-shaped ( Figure 1) , with mean value of 4.05±1.88 and median value of 4; 25% of the participants presented NVS-IT scores lower than 3. As far as the HL levels distribution in the sample are concerned, high likelihood of limited HL, possibility of limited HL and adequate HL were found in the 11.5%, 24.6% and 63.9% of the sample, respectively.
Inadequate and at-risk HL was significantly associated with the following variables at the univariate analyses (see Table 1) : age, educational level, employment status, financial situation, number of family members in the household, self-reported health status, and the presence of long-term illnesses.
The variables statistically associated with inadequate and at-risk HL in the univariate analyses were included in the multivariate logistic regression model. The results of the multivariate logistic regression model for the antecedents are shown in table 2. In particular, the risk of having inadequate and at-risk HL levels increases with age (OR = 1.07, p <0.001), with a lower educational level (OR = 2.02, p =0.004 and OR = 4.03; p<0.001 comparing the bachelor's degree and higher educational level group with high school degree group or with less than a high school diploma group, respectively) and with a worse financial situation (OR 1.64; p = 0.041). 
DISCUSSION
The aim of this study was to assess the level of HL in a population-based sample using the Italian validated version of the NVS and the association of HL with antecedents and health outcomes. [15] A total of 11.5% of the surveyed sample had inadequate level of health literacy. According to multivariate analyses, the following antecedents resulted significantly associated with the level of HL: age, educational level and financial situation. As far as health outcomes are concerned, only self-reported health status resulted significantly associated with HL in the multivariate analysis.
Our results showed the presence of a good level of HL score in the population when compared to what has been registered in other European countries involved in the European Health Literacy Project. [3] Indeed, it is possible to observe that the functional HL level in our population is higher than in the European countries considered, with the exception of Austria and the Netherlands (i.e. the average score of the European countries is 3.5 varying from a minimum of 2.6 of Spain to a maximum of 4.5 of Netherlands). Furthermore, the observed standard deviation of the HL score mean is well below the European countries average, probably indicating a relatively homogeneity in terms of distribution of HL in our population.
As far as the assessment of HL in Italian population, to best of our knowledge our study is the first that has set the assessment of HL with a validated NVS tool in a population-based sample as primary outcome. Indeed, in the literature only a study of Palumbo et al. [20] have used the NVS tool in a population-based sample in Italy, however in this study the primary outcomes were to assess HL and its antecedents and consequences with HLS-EU-Q47 and NVS was used to check the validity of self-reported literacy skills (HLS- In the literature, many studies have described several antecedents that may positively or negatively impact on health literacy, however to date there is no consistency in discussing these predictors. [4] Furthermore, demographic and socio-economic factors may impact differently on HL depending on the national and cultural contexts. [3, 13, 14, 21] In light of this, our findings on antecedents of HL not only contribute with evidences to the current debate in the literature, but also may be considered as the first attempt to highlight the independent predictors of HL in the Italian context.
Age and education in the literature seem to be important predictors of HL and our finding confirmed it also in the Italian context. [3, 13, 14] In our study, a higher education level resulted to be independently associated to higher HL levels; on the contrary, having received training or being employed in the field of healthcare does not impact on HL level. As the NVS tool mainly measures document literacy and numeracy, these findings may suggest that these skills are mainly developed in the context of general education with little influence by further and more specific education. Regarding age, results showed a negative independent association with HL suggesting that as age increases, a diminished mental alertness and/or cognitive impairment (e.g. memory-retrieval problems and inadequate numeracy) may play a crucial role in limiting the HL skills. As older and less-educated people are those who experiment the highest burden and consequences of chronic diseases, [22] [23] [24] [25] these results urge to design and implement health policies tailored on HL skills in these populations in order to allow them to better prevent and cope with the challenges posed by these conditions.
Our findings have highlighted also that a worse financial situation is associated with lower level of HL. Literature, reports contrasting results concerning the association between socioeconomic status and HL measured through NVS score; [13] [14] 26] however these variables has been little investigated by population-based studies which considered also the measure of functional HL. It may be hypothesized that socioeconomic status is a moderator or a mediator in the causal pathway between education level and document literacy and numeracy skills and thus may probably influence the HL measured with NVS; however, further studies that take into consideration mechanisms underlying these causal relationships are needed to draw a definite conclusion on the role played by the socioeconomic status.
As regards to health outcomes, self-reported health status was found to be significantly associated with HL, but also with financial situation and the presence of long-term illnesses. In the literature the underlying mechanism through which HL influences the health-related outcomes is not entirely known and several theoretical models have been proposed to explain the underlying mechanism through which HL influence the health status. [4, [27] [28] [29] A recent conceptual model proposed by Sørensen et al. [4] posits that the HL dimensions (the competencies related to the process of accessing, understanding, appraising and applying health-related information) influence the ability of a person to navigate in the three domains of the health continuum (Health care, Disease prevention and Health promotion) which in turn have an impact on health outcomes. However, none of these models has been fully validated and further studies examining the mechanisms underlying the relationship between HL and health outcomes are needed.
No other health outcomes resulted to be significantly associated with HL in our study. Although several HL associations with health outcomes have been proposed in the literature, most of them have been evaluated in the clinical context and only few at the general population level. [3, [13] [14] Because NVS was primarily designed to detect illiteracy, it may show a ceiling effect when used in general populations. [30] This ceiling effect could have skewed the distribution of NVS scores significantly, and lead to attenuated or absent correlations between HL and health outcomes in studies using NVS tool at the general population level. A more in-depth evaluation of the presence and effects of skewed distribution of NVS is needed in order to better adjust and calibrate this HL screening tool to use it appropriately in the general population, which in turn may permit to draw more robust conclusions on the presence and strengths of HL associations with health outcomes.
In this study, telephone interviews were used to collect NVS-IT data, while in almost all the studies face-toface interviews were used. To date, to the best of our knowledge, our study is the first in reporting the comparison of NVS data collected using different methods of administration. The comparison of the NVS score between face-to-face and telephone interviews showed higher concordance degree with no significant difference between the NVS scores. Compared with face-to-face interviews, telephone interviews offer several advantages, [31] in particular the elimination of any bias caused by the appearance of the interviewer. Moreover, there is some evidence that people are more likely to report health-related events on the phone rather than in face-to-face interviews. [31] The main potential risk with telephone interview compared with face-to face is that the respondent may seek help from another person at home; however, this risk is minor, [31] since the interviewer would be able to notice the involvement of other people (i.e., the person on the phone would have to repeat each question or use the hands-free mode).
This is the first study in Italy that comprehensively attempts to assess HL and its related antecedents and outcomes with NVS in a population-based sample. This consideration, together with the evaluation of various potential HL consequences, antecedents, and confounding factors, should be considered as the strengths of this study.
Nevertheless, the study has several limitations. Indeed, as the variables have been self-reported by the participants through interviews, the study may have suffered the recognized limitations of using this approach, such as recall or social desirability bias. However, the telephone interview may have limited this potential bias especially for those variables potentially more influenced by social desirability such as the BMI and socioeconomic Status. Moreover, results may have been influenced by a non-response bias, however the extent of this potential bias -if present -is limited as participants and non-participants showed only a small difference in the mean age: since participants were older of two years on average than non-participants the HL level resulted in our sample may be slightly lower than in the general population. Finally, although participants were randomly selected from the registries of the GPs, the GPs were selected using a convenience criteria, which may have introduced a selection bias. To limit this potential bias, GPs were chosen according to their geographical location in the aim of covering different districts of Florence, and -in order to extend the geographical coverage of the sample -the foreseen number of GPs recruited in the original protocol [18] has been augmented to eleven.
CONCLUSION
Our study is the first in measuring the HL with NVS tool and its associations with antecedents and consequences at population level in Italy. Our findings highlighted the presence of good level of HL in the population compared to the EU average. However, older, less educated and poorer population groups resulted at higher risk of limited or inadequate HL. These results suggest the need to design and implement health policies and interventions tailored on different HL levels in order to allow the more vulnerable population groups to better cope with the health challenges. As far as health outcomes are concerned, only self-reported health status was found to be significantly associated with HL among the considered health outcomes. The underlying mechanisms through which HL influences the health-related outcomes are not entirely known and a more in-depth evaluation of these relationships are needed. As NVS test was originally developed in the clinical context, a ceiling effect that may skew the HL levels distribution in the population may occur when NVS is used at the general population level, ultimately leading to attenuated correlation between HL and its potential predictors and consequences. Further studies investigating the presence and effects of this ceiling effect is needed in order to confirm the validity or better calibrate the NVS tool for the general population studies and to draw more robust conclusions on the presence and strengths of HL associations.
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STRENGTHS AND LIMITATION OF THIS STUDY
 This study provides a measure of functional health literacy in a population-based sample in Florence  The population based sample was obtained with a combination of convenience and probability sampling procedures  Differently from other studies, the Italian version of the Newest Vital Sign (NVS-IT) was administered through phone-interview  The concordance between face-to-face and phone-administered NVS-IT interviews was pre-tested on 35 participants  Predictors and outcomes of NVS-IT were analyzed using logistic regression models, with results quite different from other published studies 
INTRODUCTION
Health literacy (HL) is closely linked to empowerment and concerns the knowledge and competences of individuals necessary for meeting the complex health demands of modern society. HL can be defined as "the ability of citizens to make sound decisions concerning health in daily life-at home, at work, in health care, at the market place and in the political arena". [1] HL has been identified as a priority area for policy action in the strategy of the World Health Organization and in the policy documents of the European Commission. [2, 3] Indeed, several studies have shown that limited HL among adults is a major public health problem; limited HL has been shown to be associated with several health-related consequences such as adverse health behaviors and outcomes, increased mortality risk, poor management of chronic diseases, lower use of preventive services and higher health care costs. [4] [5] [6] As far as predictors of HL (i.e. antecedents) are concerned, several proximal (i.e. personal and situational) and distal (i.e. societal and environmental) factors have been proposed. [4] [5] [6] Functional HL is one dimension of the concept of HL that entails the ability to interpret, calculate and act on oral and written information in health care settings. Several tools have been proposed for assessing functional HL, [7, 8] however most of them take several minutes to administer. This is an issue that poses barriers in their use outside of academic contexts, especially for time-demanding clinical settings or for interventions in the general population. In 2005, the Newest Vital Sign (NVS) was proposed as a brief and easy to administer screening tool for measuring HL. [9] The NVS is a six-items screening tool that requires the participants to interpret the information presented on a nutrition label; it assesses reading, numeracy and comprehension skills. The NVS demonstrated a high degree of correlation with other functional HL measures. [10] The NVS was originally developed and is still mainly used in the clinical setting. [9, [11] [12] [13] To date, there have been only limited studies on HL assessed with the NVS and its antecedents and consequences carried out in the general population. Furthermore, since most studies have been conducted in clinical settings, [9, [11] [12] [13] the assessed individuals have specific demographic and characteristics that pertain to the environment of the studies; moreover, the included samples typically tend to under-represent socially disadvantaged groups. [14] In 2011, the HLS-EU survey was the first study assessing HL at the general population level in several European countries. [5] The HL measure used in this study was specifically designed for the study (i.e. HLS-EU-Q47), however translated versions of the NVS were also included in the study. The study reported that around 12% of the sample was very likely to have limited literacy. Age and education resulted to be associated with NVS scores in all the countries included in the study. However, several causal inferences for HL measured with the NVS were not examined as the NVS tool was mainly used for comparing and validating the newly developed HL measure. Furthermore, in this study the Italian population was not included. A study recently conducted in Portugal found that people with limited HL were significantly older and less educated, [15] and a study conducted in Australian population also reported male sex, foreign nationality and socioeconomic status as predictors of inadequate HL. [16] As regards HL consequences, low HL levels were reported to be associated with a higher risk of chronic diseases and a lower access to primary care services. [16] As far as the Italian population is concerned, the Italian version of the NVS (NVS-IT) was developed from the European version used in the HLS-EU survey and its validation study was [17, 18] To date, few studies have been conducted using the NVS-IT. However, these studies were either conducted with small convenience samples or in specific clinical contexts. [19, 20] In the literature few studies have used the NVS to investigate HL and its associations in the general population. [5, 15, 16, 21] Furthermore, as HL and its antecedents and consequences may vary from one country to another, results are not generalizable. In order to deepen knowledge on HL in the general population and to provides reliable and specific information on the Italian population, a research project that aimed at assessing HL levels in a population-based sample, and to validate different HL measures in Italian language was carried out. This study is the first output of this research project, of which a full protocol has been published and detailed elsewhere. [22] Specifically, the aim of the present study was to evaluate the levels and the associations of HL in an adult general population using the Italian version of the Newest Vital Sign (NVS-IT).
METHODS
For more detailed information regarding the methods, the reader is referred to the study protocol published elsewhere. [22] The study was approved by the Ethics Committee of the "Area Vasta Centro " (Local Health Unit of Central Tuscany, Careggi University hospital and Meyer University Children's Hospital; Ref. CEAVC:10113, 01 December 2016) and was conducted according to the principles described in the Declaration of Helsinki.
Study population and sampling criteria
This is a cross-sectional study that was carried out in a population-based sample. Participants were randomly selected from a list of residents available from the registers of eleven general practitioners (GPs) working in primary healthcare centers of the municipality of Florence. According to the regulations of the National Healthcare System and the Constitution of the Italian Republic, in Italy every Italian and Foreign resident over the age of 18 has to be registered in a general practice, and people are enrolled in the general practices according to their place of residence (percentage of resident population registered 98.8%). This sampling method was chosen with the aim of increasing the population participation rate as the invitation letter was jointly signed by the general practitioners and the researcher in charge of the study. [23] The GPs were recruited using convenience criteria. All the GPs of the municipality of Florence were invited to join the study by both the Provincial Medical Council and the University Hospital of Florence. A total of 11 GPs based in different districts of Florence were recruited on a first-come basis. The number of GPs recruited in the study was increased from what had been originally proposed in the study protocol (i.e. n= 8) in order to extend the geographical coverage of the study. [22] The recruited general practices were based in the city center and in the inner and outer suburban areas of Florence.
Each GP selected 80 people from its register through a random number generator. Inclusion criteria were the following: 18-69 years of age and Italian speaking (since the survey was conducted in Italian only). Exclusion criteria included cognitive impairment, severe psychiatric diseases and end-stage diseases. Inclusion and exclusion criteria were applied by each GP independently. Data were collected between February 2017 and December 2017. Each selected person was contacted via postal mail. The selected people received an information sheet signed by both the GP and the person in charge of the study. The letter also included a short description of the study, an invitation to participate and a consent form. Participants were asked to sign the consent form and return it via mail to the researchers in charge. The mail also contained the nutritional label of the Newest Vital Sign-Italian (NVS-IT) designed to be easy readable (i.e. large font size and line-spacing). After receipt of the signed consent forms, the participants were contacted over phone for the computer-assisted interview. If the consent form was not received within two weeks, a follow-up phone call was made by the research group. The phone call served to clarify any questions and to identify and support people with difficulties in completing the consent form (e.g. reading difficulties). Nine interviewers conducted the phone interviews. A shared written protocol on how to conduct the interview was followed in order to standardize the interviews and to limit interviewer bias. Each participant was randomly assigned to one of the nine interviewers and contacted a maximum of six times before being considered unreachable. The whole interview took about 20-25 minutes.
Procedures: data collection and measurements
The following "antecedents" variables were collected: sex, birth year, nationality, number of years living in Italy (for those who were born abroad), educational level, marital status, number of family and non-family members living in the same household. Furthermore, the antecedents variables also included whether one has ever received training or is/has been employed in the field of healthcare, employment status (currently having a paid job), financial situation, and whether a family member or a friend normally accompanies him/her to medical appointments.
As for health outcomes, the following variables were investigated: self-reported health status (excellent, very good, good, so-so/fair, bad), self-reported weight and height to calculate the body mass index (BMI), health services used in the last 12 months (number of doctor visits, hospital admissions, emergency department visits). Responses were coded as follows: 0, 1-2 times, 3-5 times, 6 times or more, don't know, refusal). The use of other healthcare services in the 12 last months was also investigated (overall number of dentist, physiotherapist, psychologist, dieticians and optician visits). To measure health status, participants were also asked about long-term illnesses (illnesses that have lasted or are expected to last for at least 6 months), coded in five categories: yes, more than one; yes, one; no; don't know, refusal.
The NVS-IT consists of an ice cream nutrition label, with seven associated questions that measure literacy and numeracy. [18] It produces a final score ranging from 0 to 6, allowing participants to be classified into three categories-high likelihood of limited HL (score: 0-1), possibility of limited HL (score: 2-3) and adequate HL (score: 4-6). To the best or our knowledge, no published studies have reported NVS data collected through telephone interviews; for this reason, the concordance between face-to-face and phoneadministered NVS-IT interviews was pre-tested in a convenience sample of 35 participants of different age, sex and educational level. This sample size was established considering a number of participants of about 5 times the number of the items of the tool (i.e. NVS-IT) as suggested by Parker. [24] Furthermore, this sample size was chosen in line with the sample size requirements for estimating the value of intraclass correlation coefficient and the Cohen's kappa agreement test as proposed by Bujang. [25, 26] For testing the concordance between face-to-face and phone-administered NVS-IT two study arms were defined. In both arms, the participants received both the telephone and the face-to-face interview with an interval period of 10 days. The two arms differed only in the sequence in which the participants received 
Statistical analysis
For all the analyses, participants with high likelihood of limited HL and those with possibility of limited HL were grouped together in a single group, referred to "Inadequate and at-risk HL" and compared with the adequate HL group. [16] In the pre-testing phase, NVS-IT scores obtained using the telephonic and face-to-face interviews were compared. Specifically, between the two arms, NVS-IT score distributions were compared both at T0 and at T1 using unpaired Student's t-test or Mann-Whitney U test; within the two arms, NVS-IT score distributions at T0 were compared with respect to those obtained at T1 using paired Student's t-test or Wilcoxon paired test for matched data. Intraclass correlation coefficient (ICC, two-way random, single measures, absolute agreement) was calculated in order to assess the correlation between the NVS scores obtained at T0 and T1, in the whole sample and in the two subgroups (telephonic vs face-to-face interviews; face-to-face vs telephonic interviews). χ2 test was used to evaluate the association between the classification into two groups of HL (inadequate and at risk HL vs adequate HL) and the mode of administration at T0 and at T1, respectively. Moreover, Cohen's kappa was calculated to assess the agreement in the classification into two groups of HL (inadequate and at risk HL vs adequate HL) at T0 and T1, in the whole sample and in the two subgroups (telephonic vs face-to-face interviews; face-to-face vs telephonic interviews). For Cohen's kappa and ICC, the following interpretation was considered: poor agreement for values lower than 0.40, fair agreement for values comprised between 0.40 and 0.59, good agreement for values comprised between 0.60 and 0.74, excellent agreement for values comprised between 0.75 and 1.00. [27] The internal consistency of NVS-IT was assessed through the Cronbach's alpha coefficient.
A descriptive univariate analysis using χ 2 test for categorical and ordinal data and unpaired Student's t-test, ANOVA or the corresponding non-parametric tests (Mann-Whitney U test or Kruskal-Wallis test) for continuous data were performed in order to evaluate significant associations between NVS-IT categories and all the variables considered. To analyze the predictors of HL, all the evaluated antecedents (i.e. sex, age, nationality, educational level, marital status, number of family and non-family members in the same household, experience in the field of healthcare, employment status, financial situation, and family or friend support) were entered into a first multivariate logistic regression model considering the NVS-IT categories ("Inadequate and at-risk HL"" vs "adequate HL") as the dependent variable; a backward stepwise procedure was applied to obtain the final model of significant predictors of HL.
NVS-IT as a predictor of health related outcomes (self-reported health status, BMI categories, health services used in the last 12 months) was tested in several multivariate logistic regression models. Specifically, health related outcomes significantly associated with NVS-IT categories at the univariate analysis were entered into different multivariate logistic regression models as dependent variables (one for each), dichotomizing the categories as follows: "excellent, very good or good" vs "so so/fair or bad" for selfreported health status; "underweight or normal" vs "overweight or obese" for BMI categories; "never" vs "one or more times" for health services used in the last 12 months. In each model, all the evaluated predictors (antecedents) of NVS-IT categories were included as covariates. Each multivariate regression 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Patient and public involvement
The study population or the public were not involved in the conceptualization or carrying out of this research.
RESULTS
Pre-testing phase: face-to-face versus phone-administered interviews
Thirty-five volunteers (48.6% females; mean age: 44.3±15.8 years; 11.4% with less than high school degree and 45.7% with high school degree) were included in the pre-testing phase, with a similar distribution in the two arms: for 18 participants (51.4%), NVS-IT was administered face-to-face first. Both mean age and educational level were not significantly different between the two arms (respectively, Mann-Whitney U test: p=0.946, χ 2 test: p=0.07) . At T0, NVS-IT score for the face-to-face administered interviewed was 4.11±1.66 while for the phone administered interviewed it was 4.76±1.43, without statistically significant differences (Mann-Whitney U test: p=0.207). At T0, the classification into two groups of HL (inadequate and at risk HL; adequate HL) did not significantly differ in the two arms (χ 2 test, p=0.328) ( Table 1) . At T1, with the different administration, both groups increased the mean NVS-IT scores (Figure 1 ) (from 4.11±1.66 to 4.67±1.49 and from 4.76±1.43 to 5.10±1.43) but not in a statistically significant way (Wilcoxon paired test for matched data: p=0.065 and p=0.160, respectively). At T1, the NVS-IT scores and the classification into two groups of HL (inadequate and at risk HL; adequate HL) were not significantly different between the two arms as well (Mann-Whitney U test: p=0.335; χ 2 test, p=0.939) ( Table 1) . Two scatterplots for the NVS score are reported in Figure 1 . The ICC in the whole sample, in group I (faceto-face vs telephone interview) and in group II (telephone vs face-to-face interview) were 0.837 (p<0.001), 0.824 (p<0.001),and 0.843 (p<0.001), respectively. Therefore, the agreement was excellent both in the whole sample and in the two subgroups. As far as the classification into two groups of HL (inadequate and at risk HL; adequate HL) is concerned, the agreement in the whole sample and in the two subgroups was fair (Cohen's Kappa values were 0.471, p=0.003; 0.478, p=0.017; and 0.463, p=0.05 in the whole sample, in group I and in group II, respectively) ( Table 1) . Table 1 . Pre-testing phase: classification into two groups of HL (inadequate and at risk HL ; adequate HL) at T0 and T1. Whole sample and two subgroups (face-to-face vs telephone interview; telephone vs face-toface interview). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Sample characteristics
A total of 984 individuals were invited to participate in the study, of which 493 agreed to be interviewed (50,1%) and 454 (46.1%) were effectively interviewed. As far as non-participation reasons were concerned, 151 (15.3% of the total sample) people refused to participate, 340 (34.5% of the total sample) people did not respond to any contact attempts, and a further 39 (4% of the total sample) people initially agreed to be interviewed, but subsequently it was not possible to arrange an interview. Non-participants resulted to be on average two year younger than participants (51.2 ±11.8 years and 53.3±11.7 years, respectively). No significant sex differences emerged between participants and non-participants. Two interviews resulted to have several data missing and were excluded from the study; a total sample of 452 participants were considered for the analyses.
The participants' characteristics are presented in Table 2 . The mean age of the sample was 53.2±11.7 years and males represented 41.2% of the sample. Participants with bachelor's degree or higher represented the 41.2% of the sample, and 17.3% of the participants easily got at the end of the month with their income.
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Health literacy distribution and its associations with antecedents and consequences
The Cronbach alpha coefficient for the NVS-IT in this study was 0.741. The NVS-IT score was J-shaped ( Figure 2) , with mean value of 4.05±1.88 and median value of 4; 25% of the participants presented NVS-IT scores lower than 3. As far as the HL levels distribution in the sample was concerned, high likelihood of limited HL, possibility of limited HL and adequate HL were found in the 11.5%, 24.6% and 63.9% of the sample, respectively.
HL was significantly associated with the following variables (see Table 2) : age, educational level, employment status, financial situation, number of family and non-family members in the household, selfreported health status, and the presence of long-term illnesses. Specifically, the percentage of subjects with high likelihood of limited HL was higher in the lower educational level, in the worse health status, in unemployed or retired people, in people with more than one long-term illnesses, in people living with another person, and in people with a worse financial situation.
All the potential predictors of HL were included in the first multivariate logistic regression model. The final multivariate logistic regression model for the antecedents was obtained thought backward stepwise method (table 3) . In particular, the risk of having inadequate and at-risk HL levels increased with age (OR = 1.07, p <0.001), with a lower educational level (OR = 2.02, p =0.004 and OR = 4.03; p<0.001 comparing the bachelor's degree and higher educational level group with high school degree group or with less than a high school diploma group, respectively) and with a worse financial situation (OR 1.64; p = 0.041). As far as health outcomes were concerned, HL resulted to be significantly associated only with selfreported health status at the univariate analysis. Besides HL, age, educational level, nationality, long-term illness, employment and financial status resulted to be significantly associated with self-reported health status (data reported in the Supplementary file). All the potential predictors of self-reported health status were included in the first multivariate logistic regression model with self-reported health status as the dependent variable. Results of the final model are reported in table 4. Participants with inadequate and atrisk HL were about two times more likely than participants with adequate HL to report a worse selfreported health status (OR = 2.25, p = 0.002). The presence of one or more long-term illnesses and a worse financial situation remained significantly associated with a worse self-reported health status in the final model (see table 4 ). 
DISCUSSION
The aim of this study was to assess the level of functional HL in a population-based sample using the Italian version of the NVS and explore the association of functional HL with antecedents and health outcomes. [18] Our results showed the presence of a high mean HL score in the population, and inadequate level of functional HL was present in a relatively small proportion of the population. According to multivariate analyses, the following antecedents resulted significantly associated with the level of functional HL: age, educational level and financial situation. As far as health outcomes are concerned, only self-reported health status resulted significantly associated with functional HL in the multivariate analysis.
To best of our knowledge our study is the first that has set the assessment of functional HL with the NVS tool in a population-based sample as primary outcome in Italy. However, it should be pointed out that results of our study are based on a non-representative Italian population sample (a limitation described further below). In the literature only a study of Palumbo et al. [28] have used the NVS tool in a populationbased sample in Italy, however in this study the primary outcomes were to assess HL and its antecedents and consequences with HLS-EU-Q47 and NVS was used to check the validity of self-reported literacy skills (HLS-EU-Q47). As a result of this, several data of the NVS in the population are not reported (i.e. NVS score) and it is not possible to compare our findings with this study.
In the literature, many studies have described several antecedents that may positively or negatively impact on health literacy, however to date it is difficult to draw definitive conclusions on this topic as a variety of sampling frame, design and HL measures have been adopted in the literature. [6] Furthermore, demographic and socio-economic factors may impact differently on HL depending on the national and cultural contexts. [5, 15, 16, 29] In light of this, our findings on antecedents of functional HL not only contribute to the current debate in the literature, but also may be considered as the first attempt to highlight the independent predictors of functional HL in the Italian context. Age and education are reported to be important predictors of HL levels in the literature. [5, 15, 16] As far as education is concerned, in our study, a higher education level resulted to be independently associated to higher functional HL levels; on the contrary, having received training or being employed in the field of healthcare does not impact on functional HL level. As the NVS tool mainly measures document literacy and numeracy, these findings may suggest that these skills are mainly developed in the context of general education with little influence by further and more specific education. Regarding age, results showed a negative independent association with functional HL suggesting that as age increases, a diminished mental alertness and/or cognitive impairment (e.g. memory-retrieval problems and inadequate numeracy) may play a crucial role in limiting the functional HL skills. Indeed, a recent study by Fawns-Ritchie et al argued that functional health literacy measures may, in part, assess fluid-type cognitive abilities; furthermore, Kobayashi et al fund that age-related differences in functional HL skills are largely explained by cognitive ageing. [30, 31] Further research on this topic suggested that also educational differences may influence age-related differences in functional HL skills as education has changed over the time. [32] Considering that people with low education and older people have the highest burden of chronic diseases, [33] [34] [35] [36] and that these diseases require a broad range of reading and numeracy skills for their management, the described associations of functional HL with education and age highlight the need to design and implement health policies tailored on HL skills in these populations. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  p  e  e  r  r  e  v  i  e  w  o  n  l  y   13 Our findings have highlighted also that a worse financial situation is associated with lower level of functional HL. Literature, reports contrasting results concerning the association between socioeconomic status and HL measured through NVS score; [15] [16] 21] however these variables has been little investigated by population-based studies which considered also the measure of functional HL. Further studies are needed to elucidate the mechanisms underlying the relationship between socioeconomic status and HL.
As regards to health outcomes, self-reported health status was found to be significantly associated with functional HL, but also with financial situation and the presence of long-term illnesses. In the literature the underlying mechanisms through which HL influences the health-related outcomes are not entirely known, and several theoretical models have been proposed to explain these mechanisms. [6, [37] [38] [39] However, none of these models have been fully validated, and further studies examining the mechanisms underlying the relationship between HL and health outcomes are needed.
No other health outcomes were found to be significantly associated with functional HL in our study. Although several HL associations with health outcomes have been proposed in the literature, most of them have been evaluated in the clinical context and only few at the general population level. [5, [16] [17] Because NVS was primarily designed to detect illiteracy, it may show a ceiling effect when used in general populations. [40] A ceiling effect occurs when a high proportion of participants in a study have maximum scores on the observed variable. This issue makes discrimination among participants among the top end of the scale impossible and may lead to attenuated or absent correlations between HL and other variables, [41] as described also by other Authors. [42] [43] [44] In our sample, about 30% of the participants reported the higher score at the NVS-IT. For this reason, A more in-depth evaluation of the presence and effects of skewed distribution of NVS is needed in order to better adjust and calibrate this HL screening tool to use it appropriately in the general population, which in turn may permit to draw more robust conclusions on the presence and strengths of HL associations with health outcomes.
In this study, telephone interviews were used to collect NVS-IT data, while in almost all the studies face-toface interviews were used. To date, to the best of our knowledge, our study is the first in reporting the comparison of NVS data collected using different methods of administration. The comparison of the NVS score between face-to-face and telephone interviews showed an excellent agreement with no significant difference between the NVS scores. Compared with face-to-face interviews, telephone interviews offer several advantages, [45] in particular the elimination of any bias caused by the appearance of the interviewer. Furthermore, it should be pointed out that the application of NVS may cause stress and shame feelings in people with low numeracy/low literacy skills, possibly discouraging their participation in the interview. In this light, it may be argued that the willingness to participate to an interview that may cause shame and stress is higher if the interview is phone-administered. [45] However, to the best of our knowledge, no studies have specifically compared the participation rates between telephone and face-toface NVS interviews, and future research is needed to elucidate whether the telephone mode may encourage the participation of people with low literacy/numeracy skills in NVS interviews. On the other hand, the main potential risk with telephone interview compared with face-to face is that the respondent may seek help from another person at home; however, this risk is minor, [45] since the interviewer would be able to notice the involvement of other people (i.e., the person on the phone would have to repeat each question or use the hands-free mode). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  p  e  e  r  r  e  v  i  e  w  o  n  l  y   14 This is the first study in Italy that comprehensively attempts to assess functional HL and its related antecedents and outcomes with NVS in a population-based sample. This consideration, together with the evaluation of various potential functional HL consequences, antecedents, and confounding factors, should be considered as the strengths of this study.
Nevertheless, the study has several limitations. First, the population-based sample was obtained with a combination of convenience and probability sampling procedures. Thus, data cannot be considered representative of the overall Italian or Florentine adult population, and this is a major limitation for external comparison of the study results. Secondly, as the variables have been self-reported by the participants through interviews, the study may have suffered the recognized limitations of using this approach, such as recall or social desirability bias. [45] However, the telephone interview may have limited this potential bias especially for those variables potentially more influenced by social desirability such as the BMI and socioeconomic Status. As for recall bias, it should be underlined that the length of recall period for health services use (i.e. last 12 months) may have affected the accuracy or completeness of the information retrieved from study participants, especially for GPs visits. This period was selected in order to allow for comparability with other studies. [5, 16] Thirdly, results may have been influenced by a nonresponse bias, however the extent of this potential bias -if present -is limited as participants and nonparticipants showed only a small difference in the mean age: since participants were older of two years on average than non-participants the functional HL level resulted in our sample may be slightly lower than in the general population. Lastly, although participants were randomly selected from the registers of the GPs, the GPs were selected using a convenience criteria, which may have introduced a selection bias. However, it should be pointed out that the geographical coverage of the sample included residents of different areas of Florence as the selected GPs were based in different districts of the city.
CONCLUSION
Our study is the first in measuring the functional HL with NVS tool and its associations with antecedents and consequences at population level in Italy. Our findings highlighted the presence of good level of functional HL in the population compared to the EU average. However, older, less educated and poorer population groups resulted at higher risk of limited or inadequate functional HL. These results suggest the need to design and implement health policies and interventions tailored on different HL levels in order to allow the more vulnerable population groups to better cope with the health challenges. As far as health outcomes are concerned, only self-reported health status was found to be significantly associated with functional HL among the considered health outcomes. The underlying mechanisms through which HL influences the health-related outcomes are not entirely known and a more in-depth evaluation of these relationships are needed. As NVS test was originally developed in the clinical context, a ceiling effect that may skew the HL levels distribution in the population may occur when NVS is used at the general population level, ultimately leading to attenuated correlation between HL and its potential predictors and consequences. Further studies investigating the presence and effects of this ceiling effect is needed in order to confirm the validity or better calibrate the NVS tool for the general population studies and to draw more robust conclusions on the presence and strengths of functional HL associations.
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